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Introduction: Paratuberculosis (PTB) is a worldwide chronic, contagious enteric 
disease caused by Mycobacterium avium subsp. paratuberculosis (MAP) mainly 
affecting ruminant species. PTB is a WOAH-listed disease with direct and indirect 
economic losses in the livestock sector, negative impact on animal welfare and 
significant public health concerns. In spite of this, MAP prevalence in small 
ruminants is still unknown and the prevalence appears to be underestimated in 
many countries. The aim of this study is providing a first large-scale serological 
survey on MAP infection in small ruminants in Sicily, a region of Southern Italy 
with the 11.3 and 8.9% Italian national heritage of sheep and goats, respectively.

Methods: For this purpose, we analyzed a total of 48,643 animals reared in 439 
flocks throughout Sicily. MAP seroprevalence was estimated both at herd-level 
and animal-level within breeds reared in all the nine sampled provinces.

Results: Our results revealed a high overall apparent prevalence at herd-level of 
71.8% in sheep and 60.8% in goat farms with an animal-level prevalence of 4.5 
and 5.1% in sheep and goats, respectively. Significant statistical differences were 
found between the provinces and within the breeds both in sheep and goats.

Discussion: Our study provides the first large-scale serological survey on PTB 
infection in small ruminants in Sicily and showed a high prevalence of disease 
depending to the species, breed and province. This study represents the first 
step to better understand the MAP epidemiology in a typical Mediterranean 
breeding context, suggesting the need of in-depth study on the herds risk 
factors, including the eventual presence of candidate genes for resistance/
susceptibility to PTB in native breeds.
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1 Introduction

Paratuberculosis (PTB) or Johne’s disease is a chronic, contagious 
infectious disease that affects the enteric tract of domestic and wild 
ruminants. The causative agent of PTB is Mycobacterium avium 
subspecies paratuberculosis (MAP), which is mainly transmitted by 
the fecal-oral route and then spreads horizontally and vertically (1). 
The disease has been known and studied for over two centuries and it 
still represents a significant concern, both for the serious 
zoo-economic losses in infected herds and for its zoonotic 
potential (2).

Despite the lack of certainty on the cause/effect relationship, MAP 
is believed to be implicated in the pathogenesis of Crohn’s disease in 
humans, in consideration of the high probability of isolation of MAP 
in affected patients (3, 4). Furthermore, it is suspected that MAP may 
also be implicated in the pathogenesis of other diseases such as type 1 
diabetes mellitus (5), multiple sclerosis (6), Parkinson’s disease (7), 
Blau syndrome (8), Hashimoto’s thyroiditis (9), and in other 
autoimmune diseases, although no firm evidence has been 
scientifically confirmed.

The main routes of infection of MAP in humans are represented 
by environmental contamination, drinking water (10) and the food 
chain (11). Milk and dairy products have been implicated in the 
animal-to-human transmission, both if consumed raw or pasteurized 
(12). Indeed, MAP is characterized by a high resistance in the 
environment and can survive the standard commercial 
pasteurization (11).

The confirmation of MAP as a zoonotic agent would make 
mandatory the implementation of control and eradication procedures, 
which would inevitably lead to major issues in terms of public and 
veterinary health and severe economic losses for the entire 
livestock sector.

Given the sanitary and economic relevance of PTB, information 
on the occurrence and prevalence of MAP are available from many 
countries but limited to cattle dairy herds, in which control plans are 
also in place. In contrast, few studies in small ruminants have been 
published worldwide and consequently, prevention and control 
programs have not been established in many countries. Both 
seroprevalence and risk factors study are needed, especially in semi-
extensive and extensive breeding contexts, in order to plan adequate 
strategies for the control and eradication of disease. In ruminants, 
PTB is clinically evident during the later stage of the infection. 
Symptoms such as significant weight loss, emaciation, spontaneous 
death may be only apparent in advanced stages (13). Subclinically 
infected animals can eliminate MAP through faeces even during the 
early phase of the infection, making difficult the control of the disease 
(13, 14). Goats appear to be more susceptible than sheep and both 
species are likely to develop the clinical signs of the disease (15).

PTB is globally widespread. It has been reported in several 
countries, such as Italy (16), Germany (17) and France (18), as well as 
in Asia, Africa and Oceania (19, 20). Caprine PTB was reported in 
Canada (21), USA (22) and Brazil (23). In New Zealand, the disease 
is endemic and widespread in sheep and dairy goats (24). In the 
Middle East and Africa, PTB was reported in sheep and goats in 
Saudi Arabia (25), Jordan (26), Egypt (27), Sudan (28), Morocco (29) 
and South Africa (19).

Italy is one of the largest European countries in terms of number 
of sheep and goat herds with an estimated population of around 5,9 

million sheep and around 1 million goats (Ministero della Salute, 
Sistema Informativo Veterinario – Statistiche. https://www.vetinfo.it/
j6_statistiche/#/report-pbi/89, accessed on June 30, 2023) and Sicily is 
the second Italian region for the number of sheep (662,305 heads, 
11.3% of the national heritage) and third, after Sardinia and Calabria, 
for goats (90,926 heads, 8.9% of the national heritage). Sheep and goat 
breeding in Sicily is mainly semi-extensive, characterized by pastures, 
sometimes shared with other flocks, and a supplementary diet 
especially in the dry seasons. The island’s biodiversity is enriched by a 
large number of autochthonous breeds (4 sheep and 5 goats) which 
constitute an invaluable heritage as a source of high-quality milk 
requested for typical dairy products (30). Genetic susceptibility to 
MAP infections in several small ruminant breeds has been investigated 
using quantitative and/or molecular genetics and despite low 
hereditability, all studies confirm genetic influence on paratuberculosis 
susceptibility (31). However, further genomic explorative studies to 
identify candidate genes and evaluate their prevalence are needed in 
small ruminants, especially in native breeds.

The aim of our study is to conduct the first large-scale investigation 
of MAP seroprevalence in small ruminants throughout Sicily 
providing the basis for further studies on risk factors analysis and 
genetic susceptibility in native breeds.

2 Materials and methods

2.1 Ethical statement

This study did not involve controls under EU Directive 2010 
(2010/63/EU) and blood collection was not required with the benefit 
of animal welfare. The large-scale study on MAP seroprevalence in 
small ruminant herds in Sicily was carried out on sera samples 
collected by official regional veterinary services during the annual 
brucellosis monitoring plans in force in Sicily.

2.2 Study area

The study was carried out throughout the regional territory of 
Sicily, Southern-Italy, the largest island in the Mediterranean. It covers 
an area of 25,707 km2, including minor islands, and it is divided into 
nine provinces: Palermo, Trapani and Agrigento in the west, 
Caltanissetta and Enna in the center and Ragusa, Siracusa, Catania 
and Messina in the east (Figure 1).

2.3 Study animals

The analyzed samples belonged to dairy sheep and goats raised 
mainly in a semi-extensive system. Serum samples were obtained from 
48,643 small ruminants, comprising 35,663 sheep and 12,980 goats. 
Regarding the sheep, we analyzed samples from crossbreed (18,848) 
and three different Sicilian native breeds: Comisana (3,914), Pinzirita 
(2,560) and Valle del Belìce (8,210). In goats we analyzed samples from 
crossbreed (7,746) and five different Sicilian native breeds: Derivata di 
Siria (453), Girgentana (324), Maltese (645), Messinese (1,088) and 
Argentata dell’Etna (7,746).
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2.4 Study design and sampling method

Based on a previous study on the MAP seroprevalence carried out 
in sheep and goat in Sicily (Guercio et al., personal communication), 
we considered an estimated prevalence of 18% at herd level. Regarding 
the estimated prevalence at the animal level (32), reported a prevalence 
of 2%, obtained by Agar Gel Immunodiffusion Assay (AGID) method. 
However, given the low sensitivity in the preclinical phase of AGID 
method to detect MAP antibodies (26.8%) (33), the estimated 
prevalence at animal level was set at 5%.

Herds were selected by simple random sampling from official 
flock registers of Regional Government of Sicily. Vaccination plans 
against MAP have never been carried out in all sampled herds.

2.5 Sample size determination

The minimum sample size was calculated considering the total 
number of herds in Sicily (8,504 ovine herds and 3,121 caprine herds), 
using WinEpi software (http://www.winepi.net/, accessed on February 
6, 2023) with 5% of precision and 95% confidence level (CI). Sampling 
was stratified by province based on the proportion of sheep and goats 
in each province. The stratified sampling was applied to calculate the 
minimum sample size at animal level, considering the number of 
heads reared in each farm by dividing the herds in six size class (from 
<50 to >1,000 animals). The total number of sheep or goat for each 
size class herds was calculated using WinEpi software (http://www.
winepi.net/, accessed on February 6, 2023) with 5% of precision and 
95% CI. In addition, seroprevalence was calculated within sheep and 

goat breeds at herd and animal level limited to the herds in which this 
information was available: 290 sheep herds (34,825 animals) and 149 
goat herds (12,033 animals).

2.6 Serological analysis

Following serological testing for brucellosis, sera were collected, 
archived and stored at −18°C awaiting the analyses by the serology 
laboratory of Istituto Zooprofilattico Sperimentale della Sicilia “A. Mirri,” 
during the 3 years in study. All samples were examined by IDEXX 
Paratuberculosis Screening Ab Test [IDEXX (IDEXX Laboratories, Inc., 
Westbrook, ME, United  States)] according to the manufacturer’s 
instructions. Positive samples were confirmed using IDEXX 
paratuberculosis verification Ab test (IDEXX Laboratories, Inc., 
Westbrook, ME, United States), following manufacturer’s instructions.

For calculating the true prevalence (TP), we used the Sensitivity 
(Se) and Specifity (Sp) data indicated by the producer: Se = 34.9% and 
Sp = 97.3% in sheep and Se = 51% and Sp = 94.8% in goats. Considering 
the low sensitivity of the test, we calculated the TP according to Se and 
Sp indicated in a review of 2009 by Nielsen & Toft (Se = 37% Sp = 98.5% 
in sheep and Se = 73% and Sp 97.5% in goats).

The TP was calculated using the Epitools calculation system which 
applies the corrective formula of Rogan-Gladen (34).

Since both Se and Sp at herd level are a function of sample size (n), 
and as the sample sizes per herd in this study varied considerably, the 
TP was estimated only at animal-level whereas apparent prevalence 
(AP) was used also at herd-level.

FIGURE 1

Map of the study area with sampled sheep and goat farms for province.
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2.7 Statistical analysis

As previously mentioned, the Epitools software was utilized to 
calculate the AP and TP. The same software was employed to 
determine the confidence intervals for both AP and TP estimations, 
consistent with Brown et al. (35), along with the positive predictive 
value (PPV) and negative predictive value (NPV). The chi-square test 
was used to assess provincial and breed-within-species differences in 
apparent prevalence using the chi-square function within the R 
software version 4.2.2 (p < 0.05).

3 Results

3.1 Seroprevalence at the herd level vs. 
individual level

In the face of 439 herds to be sampled (227 and 212 sheep and 
goat respectively), a total of 446 herds (294 and 152 sheep and goat 
respectively) in nine provinces were finally included in this study 
(Table 1).

The minimum sample size for both sheep and goat herds was 
achieved in six provinces: Agrigento, Caltanissetta, Enna, Messina, 
Trapani and Ragusa. In the remaining three provinces (Palermo, 
Siracusa, and Catania), the minimum sample size was not achieved, 
with sample coverage ranging from 10 to 78.2%.

The overall mean of the regional AP in sheep herds was 71.8% 
(95% CI: 53.2–90.4%) (Table 2) with a highest value (100%) in Ragusa 
(12 herds) and Siracusa (just one sampled herd) provinces, while 
lower prevalence was found in Trapani (19 herds) and Messina (78 
herds) with AP of 26.3 and 46.2%, respectively. Statistical differences 
between the provinces were found (p < 0.001).

The overall mean of the AP in goat herds was 60.8% (95% CI: 
37.5–84.1%) (Table  3) with a highest prevalence of reported in 
Siracusa (100%; 5 herds), Caltanissetta (84.2%; 19 herds), Ragusa 
(83.3%; 6 herds) and Catania (75%; 8 herds) provinces. In contrast the 
lowest AP was found in Agrigento province (39.1%, 23 herds). 
Statistical difference between the provinces was found (p < 0.05).

At animal-level we found 1,577 positive sheep with an overall 
mean of the AP of 4.5% (95% CI: 2.1–6.8%). The TP were 6.8% (95% 

CI: 0.8–12.9%) and 8.6% (95% CI: 2.3–14.9%) according to IDEEX 
and Nielsen & Toft, respectively (Table 2). The highest AP (9.4%) was 
found in Catania province (TP reported was 20.8 and 22.2% according 
to IDEXX and Nielsen & Toft values, respectively). The lowest values 
were found in Trapani and Siracusa provinces, with AP of 0.8 and 
1.4%, respectively (Table 2). The PPV and NPV were 0.42 and 0.96, 
respectively. Statistical differences between the provinces were found 
(p < 0.001).

The overall mean of the AP at animal-level resulted 5.1% (95% CI: 
3.4–6.8%) in 12,980 goats with TP of 8.2 (95% CI: 3.9–12.6%) and 
10.2% (95% CI: 5.3–15.0%) according IDEXX and Nielsen & Toft 
values, respectively. The highest AP was found in Enna provinces 
(7.8%; 657 animals) with a resulted higher TP of 15.8 and 17.7% 
according to IDEEX and Nielsen & Toft values, respectively. Lowest 
AP were found in Siracusa (602 animals) and Messina (7,325 animals) 
with 1.5 and 1.7%, respectively. TP resulted nearly 0% in both cases. 
The PPV and NPV were 0.32 and 0.99, respectively.

3.2 Seroprevalence within breeds

Regarding the prevalence study within the sheep breeds, at herd-
level the AP ranged from 47.9% in Pinzirita (2,560 animals) to 93.7% 
in crossbreed (18,848 animals), while at animal-level the AP ranged 
from 2.7% in Pinzirita to 5.7% in Comisana (3,914 animals) (Table 4). 
The TP at animal-level showed the higher values in Comisana (9.3 and 
11.8% according to IDEEX and Nielsen & Toft, respectively) and Valle 
del Belice (6.5 and 9.3% according to IDEEX and Nielsen & Toft 
values, respectively). Lowest values of the TP were found in Pinzirita 
(0 and 3.4% according to IDEEX and Nielsen & Toft, respectively) and 
crossbreed (2.2 and 5.3% according to IDEEX and Nielsen & Toft, 
respectively). Worthy of mention, the highest AP of 18.7% found in 
Sarda breed (995 animals; 2 herds), with TP values slightly less than 
50% according both IDEEX and Nielsen & Toft (data no show in 
table). Regarding the AP at herd-level within the goat breeds, we found 
lower overall seroprevalence than sheep breeds, with values between 
of 16.7 and 67.7% in Girgentana (324 animals) and Messinese (1,088 
animals), respectively. Conversely, the AP at animal-level within goat 
breeds showed a wider range of data than sheep breeds, ranged from 
0.6% in Girgentana to 8.8% in Argentata dell’Etna (1,777 heads). The 
TP obtained was very high in Argentata dell’Etna according both 
IDEEX (18.9%) and Nielsen & Toft (20.5%) values. High TP values 
was also found in Maltese (9.9 and 12.3% according to IDEEX and 
Nielsen & Toft values respectively). Conversely, TP of 0% was found 
in Girgentana and Derivata di Siria (453 animals) (Table 5).

4 Discussion

Our study provides the first large-scale overview on MAP 
infection in small ruminant throughout Sicily, estimating the herd-
level, animal-level and within breeds seroprevalence. Our investigation 
revealed a high herd-level AP of 71.8% in sheep and 60.8% in goat 
herds with values ranking from 26.3 to 100% and 39.1 to 84.2% 
depending on the province, in sheep and goat herds, respectively.

Regarding the animal-level prevalence, we found a regional AP of 
4.5% in sheep with the highest values of 9.4% reported in Catania 
province. Overall AP within-herd in goats was 5.1%, highest value of 

TABLE 1 Proportion of sheep and goat herds for province.

Province % of sheep 
herds

% of goat herds

Agrigento 11.2 7.5

Caltanissetta 5.7 6.5

Catania 6.9 6.6

Enna 13.5 1.2

Messina 19 38

Palermo 24.5 25.8

Ragusa 7.3 2.1

Siracusa 4.3 7.0

Trapani 7.4 4.0

100 100
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7.8% in Enna province was found. According to IDEEX and Nielsen 
& Toft values respectively, TP ranged from 6.8 to 8.6% in sheep 
(Table 2) and between 8.2 and 10.2 in goats (Table 3).

To date, preliminary studies have already investigated the presence 
of MAP infection in sheep herds in Sicily, reporting a seroprevalence 
of 18% in Palermo (Guercio et al., personal communication) and 3.4% 
in Trapani (36) provinces. Our results show higher prevalence in both 
provinces (60.5 and 26.3% in Palermo and Trapani respectively) 
proving that MAP infection was previously underestimated in these 
provinces and probably in the rest of the region. In Italy, although 
there are no large-scale surveys on the spread of MAP infection in 
small ruminants, a significative study carried out in Apulia (a region 
sited in Southern Italy) revealed a herd-level AP of 60.5%, with 3% at 
sheep-level and 14.5% at goat-level (16). Another study performed on 
dairy sheep in Marche region (central Italy) showed a higher 
prevalence of 73.7% at flock-level with 6.29% within-herd (37).

Concerning the MAP infection in goats, our results overlap other 
studies carried out recently in four Northern Italy concerning 33 dairy 
herds, reporting a seroprevalence of 58% at herd-level with 7.4% at 
animal level (38).

Regarding other livestock species, a serological study in dairy 
cows carried out in two neighboring Northern Italian regions 
(Lombardy and Veneto) that account for over 50% of the Italian dairy 
cattle population reported a herd-level apparent prevalence of 48 and 
65%, respectively (39). Similar results was obtained in a large-scale 
survey in water buffaloes (Bubalus bubalis) in Campania reporting an 
apparent prevalence of infection of 54.7% (40). Our results support 
previous studies and confirm the high prevalence of MAP infection in 
Italian livestock.

Concerning the global epidemiological situation of MAP infection 
in small ruminants, the number of prevalence studies is low and as 
they differ in study design and diagnostic tests used. Consequentially, 
MAP prevalence in small ruminants is still unknown in many 
countries and the prevalence appears to be  underestimated (41). 
According to a global survey involving 48 countries, limited to 

countries with available data, the estimated herd-level prevalence of 
MAP was higher than 10% in 5 of 11 countries for sheep and 7 of 12 
countries for goats (42). The same study reported estimated 
seroprevalence data at animal level up to 5% in four countries both in 
sheep and goats and values higher of 15% in two and three countries 
in sheep and goats, respectively (42). Finally, Seroprevalence of MAP 
by ELISA in sheep and goats in different European countries was 
summarized by Jiménez-Martín et al. recently (43).

Regarding the hypothesis that some small ruminant breeds are 
more resistant to MAP infection than others, experimental data are 
very limited and evidence of experimental infection on different 
breeds is lacking. Several studies report that some sheep breeds may 
develop clinical signs of PTB rather than others (44–46). Other studies 
showed that genetics may play a role in the susceptibility to PTB in 
sheep and goats (31, 47). Within the small ruminant breeds tested in 
study, we found AP values at animal-level between 2.7 (Pinzirita) and 
5.7% (Comisana) in sheep and 0.6% (Girgentana) and 8.8% (Argentata 
dell’Etna) in goats. Notable of TP differences between the breeds stand 
out, with values between 0 (Pinzirita) and 11.8% (Comisana) in sheep 
and 0 (Derivata di Siria and Girgentana) and 20.5% (Argentata 
dell’Etna), suggesting the hypotetical implication the of genetic factors 
in the predisposition to MAP infection. In addition, the high 
seroprevalence values at animal-level (AP 18.7%; TP ~50%) in the two 
Sarda herds included in the study do not allow an analysis of statistical 
significance, but suggest the need for further investigations on this 
breed that appears to be the most bred in Italy.

The breeding of native breeds in Sicily represents an important 
source of income for the livestock sector especially to produce typical 
dairy products derived from raw milk which support people in rural 
where a semi-extensive farming is in place and PTB is rarely diagnosed.

Considered a similar breeding system that exposes all animals to 
several risk factors for PTB infection in Sicily, our findings strengthen 
the hypothesis that genetic factors within breed may determine 
susceptibility/resistance to MAP infection and highlight the 
importance of the preservation of native breeds as a reservoir of 

TABLE 2 Overall apparent (AP) and True prevalence (TP) of MAP at herd and animal level in sheep, considered by provinces.

Species Province
Sampled 

farms
AP herd-level %

Sampled 
heads

AP animal- 
level %

TP
IDEXX

Se = 34.9%
Sp = 97.3%

TP
Nielsen & 

Toft
Se = 37%

Sp = 98.5%

Sheep

Agrigento 33 75.8 (58.98–87.17) 4,356 6.6 (5.89–7.36) 12.1 (9.9–14.5) 14.4 (12.4–16.5)

Caltanissetta 37 83.8 (68.86–92.35) 4,424 7.6 (6.85–8.40) 15.2 (12.9–17.7) 17.2 (15.07–19.50)

Catania 10 80.0 (49.02–94.33) 1,324 9.4 (7.91–11.05)

20.8 (16.19–

25.95)

22.2 (18.06–26.91)

Enna 61 73.8 (61.56–83.16) 7,180 3.9 (3.48–4.37) 3.7 (2.41–5.19) 6.8 (5.57–8.09)

Messina 78 46.2 (35.53–57.14) 9,883 2.3 (2.02–2.60) 0.0 2.2 (1.46–3.13)

Palermo 43 60.5 (45.58–73.63) 2,915 2.4 (1.91–3.02) 0.0 2.5 (1.14–4.29)

Ragusa 12 100.0 (75.75–1.00) 3,764 5.9 (5.19–6.70) 9.9 (7.73–12.41) 12.4 (10.39–14.64)

Trapani 19 26.3 (11.81–48.79) 1,539 0.8 (0.45–1.36) 0.0 0.0

Siracusa 1 100 278 1.4 (0.56–3.64) 0.0 0.0

294 71.8 95% CI (53.24–90.40%) 34,086 4.5 95% CI (2.1–6.8%)
6.8 95% CI (0.8–

12.9%)

8.6 95% CI (2.3–

14.9%)

Significance (p ≤ 0.05) of χ2 test between provinces.
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natural resistance against some infectious diseases. In this regard, 
genetic resistance/susceptibility to infectious diseases, in particular to 
Scrapie and Maedi-Visna virus (48–50) in Sicilian small ruminant 
breeds were already reported.

According to specific criteria of the European Union Animal 
Health Law – Regulation (UE) 2016/429 (AHL), PTB was included 
under Category E (listed disease for which there is a need for 
surveillance within the Union, of which Article 9(1)(e) for the listed 
animal species Bison spp., Bos spp., Bubalus spp., Ovis spp., Capra 
spp., Camelidae and Cervidae. Inclusion in category E entails the 
obligation of surveillance as well as notification of the disease to the 
competent authorities. Other categories were disregarded, mainly due 
to the low individual sensitivity of diagnostic tests currently in use, 
together with the difficulties of declaring countries, areas and herds 
paratuberculosis-free officially (42). To date, MAP infection 
prevalence in ruminants is considered underestimated worldwide. In 
Italy, the Ministry of Health, in application of the AHL, recently has 
approved the adoption on the national territory of “Guidelines for the 
surveillance, the adoption of control plans and the assignment of health 
qualification to establishments of sensitive species (Cattle, Buffalo, Sheep, 
Goats) against paratuberculosis” (GU General Series n.10 of 13-01-
2023). These guidelines originate from the need for surveillance of the 

PTB throughout the national territory, in view of recognized 
endemicity in Italian herds and the awareness of having data that 
underestimate both its prevalence and incidence, these, essential for 
effective surveillance; its application, has as general objective of 
providing the right indications to implement surveillance on the 
national territory (definition of the roles, tasks and responsibilities of 
public and private veterinarians and operators; definition of 
“suspected” and “confirmed” cases and on the rules of reporting and 
notification of PTB). Despite the profound socio-economic impact of 
PTB in small ruminants, few studies have been published worldwide 
and consequently prevention and control programs have not been 
established in many countries.

Unfortunately, large-scale studies on the seroprevalence of PTB 
still presuppose limitations that we have also encountered. The sample 
sizes per herd in our study varied considerably, thus the TP was 
estimated only at animal-level and not at herd-level. In addition, the 
low sensitivity of the available diagnostic tests hampers the precision 
of diagnosis in subclinical infection and/or in early stage of disease 
with consequent underreported outbreaks.

Our study represents the first large-scale survey on the prevalence 
of PTB in small ruminants in Sicily, according to the Italian Ministry 
of Health guidelines for surveillance of the disease throughout the 

TABLE 3 Overall apparent (AP) and True prevalence (TP) of MAP at herd and animal level in goats, considered by provinces.

Species Province
Sampled 

farms
AP herd-level %

Sampled 
heads

AP animal-level %

TP
IDEXX

Se = 34.9%
Sp = 97.3%

TP
Nielsen & 

Toft
Se = 37%

Sp = 98.5%

Goat

Agrigento 23 39.1 (22.16–59.21) 819 6.6 (5.09–8.50) 12.1 (7.42–18.03) 14.4 (10.11–19.73)

Caltanissetta 19 84.2 (62.43–94.48) 1,768 5.8 (4.78–6.96) 9.6 (6.44–13.21) 12.1 (9.23–15.37)

Catania 8 75.0 (40.93–92.85) 493 6.5 (4.64–9.02) 11.8 (6.01–19.63) 14.1 (8.83–21.18)

Enna 13 69.2 (42.37–87.32) 657 7.8 (5.95–10.06) 15.8 (10.10–22.87) 17.7 (12.54–24.12)

Messina 67 52.2 (40.49–63.75) 7,325 1.7 (1.42–2.01) 0 0.5 (−0.22–1.45)

Palermo 9 44.4 (18.88–73.33) 348 4.3 (2.63–6.99) 5.0 (0–13.32) 7.9 (3.18–15.46)

Ragusa 6 83.3 (43.65–96.99) 948 6.8 (5.32–8.53) 12.7 (8.14–18.10) 14.9 (10.77–19.80)

Trapani 2 0.0 20 5.0 (0.89–23.61) 7.1 (−7.59–64.95) 9.86 (−3.5–62.29)

Siracusa 5 100.0 (56.55–1.00) 602 1.5 (0.79–2.82) 0 0

152 60.8 95% CI (37.5–84.1%) 12,980 5.1 95% CI (3.4–6.8%)
8.2 95% CI (3.9–

12.6%)

10.2 95% CI (5.3–

15.0%)

Significance (p ≤ 0.05) of χ2 test between provinces.

TABLE 4 Overall apparent (AP) and True prevalence (TP) of MAP at herds and animal level in sheep, considered by breeds.

Species Breeds
Sampled 

farms
AP herd-level

Sampled 
heads

AP
animal-level

TP
IDEXX

Se = 34.9%
Sp = 97.3%

TP
Nielsen & 

Toft
Se = 37%

Sp = 98.5%

Sheep

Comisana 41 53.7 (38.75–67.94) 3,914 5.7 (5.01–6.47) 9.3 (7.19–11.7) 11.8 (9.9–13.99)

Pinzirita 48 47.9 (34.47–61.67) 2,560 2.7 (2.14–3.40) 0 3.4 (1.79–5.34)

Valle Del Belice 106 50.0 (40.65–59.35) 8,201 4.8 (4.36–5.29) 6.5 (5.16–8.04) 9.3 (8.06–10.67)

Crossbreed 93 93.5 (86.63–97.01) 18.848 3.4 (3.15–3.67) 2.2 (1.40–3.01) 5.3 (4.65–6.11)

Significance (p ≤ 0.05) of χ2 test between sheep breeds.

https://doi.org/10.3389/fvets.2024.1334036
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Di Marco Lo Presti et al. 10.3389/fvets.2024.1334036

Frontiers in Veterinary Science 07 frontiersin.org

national territory. The data obtained showed a high prevalence of the 
disease in Sicilian herds which varies according to the species, breed, 
and province, highlighting the need to implementing specific PTB 
control plans in small ruminants.

This study represents the first step to better understand the 
epidemiology of the disease in semi-extensive breeding contexts, 
typical of Mediterranean basin, suggesting the need for further 
investigations to evaluate all the risk factors in the herds, included the 
presence of candidate genes for resistance/susceptibility to PTB in 
native sheep and goat breeds to helping the implementation of control 
plans in the near future.
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TABLE 5 Overall apparent (AP) and True prevalence (TP) of MAP at herd and animal level in goats, considered by breeds.

Species Breeds
Sampled 

farms
AP herd-level

Sampled 
heads

AP animal-level

TP
IDEXX

Se = 34.9%
Sp = 97.3%

TP
Nielsen & 

Toft
Se = 37%

Sp = 98.5%

Goat

Derivata di Siria 32 65.6 (48.31–79.59) 453 0.9 (0.34–2.25) 0 0

Girgentana 12 16.7 (4.7–44.8) 324 0.6 (0.17–2.22) 0 0

Maltese 9 44.4 (18.88–73.33) 645 5.9 (4.32–7.98) 9.9 (5.04–16.41) 12.3 (7.95–18.26)

Messinese 31 67.7 (50.14–81.43) 1,088 3.5 (2.56–4.76) 2.4 (−0.45–6.39) 5.6 (2.97–9.18)

Argentata 

dell’Etna
5 40.0 (11.76–76.93) 1,777 8.8 (7.55–10.19) 18.9 (15.06–23.25) 20.5 (17.04–24.47)

Crossbreed 63 61.9 (49.56–72.88) 7,746 1.9 (1.62–2.23) 0 1.1 (0.33–2.05)

Significance (p ≤ 0.05) of χ2 test between goats breeds.
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